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An experimental device was developed for the ice slurry generation with sugar-ethanol aqueous solution. Different 
concentrations were used for futures application in freezing for conservation and transports. Temperatures varying 
with time were measured in the ice slurry generator. The temperature sensors were type K thermocouples, a data 
acquisition is a multifunctional system with acquisition interval of 1 second. The results indicate that the ice slurry 
generation depends on the sugar and ethanol concentration. The ice slurries generation with sugar-ethanol aqueous 
solution, can be applied for the product cooling with low tolerance to ice slurry generated with high ethanol, sugar 




Ice slurries are also known under the trade names of Flo-Ice, Binary Ice, or Pumpable Ice. At the moment, the ice 
slurry generation, is oriented to the use of components that are adapted to the product to be cooled, for example, 
with sodium chloride for marine products and ethanol for industrial processes. For the cooling of products like fruits 
and vegetables, no one of the previous types of ice slurry is adapted; this will cause the product contamination by the 
used components (sodium chloride, ethanol, etc.).  
The present paper studies the possibility of ice slurry generation with low contents of ethanol and sugar to the 
cooling of different products. Binary or ternary aqueous solutions containing soluble carbohydrates (e.g. sucrose, 
invert sugar, glucose (dextrose), fructose and other mono and disaccharides) with additions of ethanol, salts, 
glycerol, etc. can be made (Fikiin et al, 2003). 
. 
2. EXPERIMENTAL MODEL 
 
In figure 1, we can observe the four elements in the experimental model: compressor, condenser (tube-fin with 
forced convection), expansion valve (thermostatic type) and evaporator (type submerged). In the evaporator the 
refrigerant absorbs heat of the mixture (water, alcohol, and sugar. 
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Figure 1: Scheme of the experimental model (left) and the detail of the submerged evaporator (right)  
 
2.1 Test Section 
The test section is formed by the evaporator as showed in the Fig. 2 (a). The scraper and the mixer in the evaporator 
are shown in detail (b, c in the Fig. 2), respectively. 
 
                     
              a            b         c 
 
Figure 2: Test section details. 
 
The evaporator is of a type submerged, the coolant is an R-410A refrigerant, two agitators and a helical scraper 
which is made of stainless steel.  
The aqueous solution (with methanol and sugar) is placed within the evaporator to diminish the temperature of the 
mixture and to obtain finally the ice slurries. 
 
2.2 Data Acquisition System  
The measurements and storage of data are made by the data acquisition system and a personal computer 
(PC). The acquisition equipment which communicates with the PC by the RS232 communication port, receives, 
processes and transmits the temperature signals to PC, for storage and posterior analysis. The data acquisition 
system used was the OMEGA model Temp Scan 1100. For the temperature measurement were used four 
thermocouples type K with diameter 0.017 mm.   
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Three thermocouples were placed into the ice slurry evaporator (bottom, middle and top position); the other 
thermocouple was used to measure the external temperature. 
 
3. EXPERIMENTAL PROCEDURE 
 
Stage I: The water-sugar-ethanol mixture is placed within the evaporator to 25 ºC  
Stage II: The data acquisition system and ice slurry generator were activated at the same time.  
Stage III: Is observed the agglomeration in the ice slurry (in each test). 
The duration of each test varies from 1 to 5 hours, depending of the test conditions. The data is acquired once a 
second. If the ice slurry were not generated in 5 hours, the test was stopped. Uncertainties of the measurements are 
presented in Table 1. 
 
Table 1: Uncertainties of measurements 
 
Parameter  Uncertainty 
Temperature  0.1 ºC 
Time  0.01 s 
Length  0.01 mm 
 
3.1 Investigated parameters 
 
Tests for ethanol concentrations were made of 1.43; 2.86; 5.0 y 7.14 (% per mass), and for the sugar were used 
concentrations of 4.0; 7.14; 10.0; y 12.9 (% per mass). For each ethanol concentration, the concentration of sugar 




The variation of the temperature of the ice slurries with the sugar and ethanol concentration can be observed in Fig 
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Figure 3: Ice Slurry Temperature and Sugar Concentration. 
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In fig 4, the variation of the generation time of the ice slurries with the sugar and ethanol concentration can be 
observed. As it is increased the concentration of sugar and ethanol, the ice slurry generation time increases. Also it is 
possible to be observed that for the case of the ethanol concentration of 1.4 (% per mass), the time of generation 
remains considerably constant. This last test is considered the most optimal for the ice slurry generation with sugar 
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? As it is increased to the concentration of sugar and ethanol, the temperature of the ice slurry decreases. 
? As it is increased the concentration of sugar and ethanol, the ice slurry generation time increases. 
? The minimum concentrations of sugar and ethanol to ice slurry generation were of 4.0 and 1.4%, 
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